Novel (E)-3-aryl-4-benzylidene-8-hydroxy-3,4-dihydro-1H-xanthene-1,9(2H)-diones are prepared by the cyclization of (E,E)-3-cinnamoyl-5-hydroxy-2-styrylchromones efficiently catalyzed with boron tribromide. The (E,E)-3-cinnamoyl-5-hydroxy-2-styrylchromones are obtained from the Baker-Venkataraman rearrangement of (E,E)-2-acetyl-1,3-phenylene bis(3-phenylacrylate), which is greatly improved under microwave irradiation.
Xanthones are a class of secondary metabolites widely occurring in higher plant families such as Guttiferae and Gentianaceae. 1 The growing interest in this class of compounds is associated with the important pharmacological properties demonstrated by both natural and synthetic derivatives, such as anti-inflammatory, 2 antitumour, 3 and antioxidant activities. 4 To the best of our knowledge, xanthenedione derivatives are scarce in nature; so far four xanthene-2,9-dione derivatives have been found, garcinianones A (1) and B (2), isolated from Garcinia multiflora, 5 allanxanthone C (3a), isolated from Allanblackia monticola Staner L. C., 6 and 1,2-dihydro-3,6,8-trihydroxy-1,1-diisoprenyl-5-(1,1-dimethylprop-2-enyl)xanthen-2,9-dione (3b), isolated from Hypericum erectum (Figure 1) . 7 Allanxanthone C (3a) demonstrated moderate activity against two strains of Plasmodium falciparum. 6 References to synthetic xanthenediones are more frequent, however, the common type of substitution pattern is the 9-aryl-3,4,5,6,7,9-hexahydro-1H-xanthene-1,8(2H)-dione (4, Figure 1 ).
8 Xanthene-1,9(2H)-diones have not been found in nature and synthetic derivatives also seem to be scarce, only 3,4-dihydro-1H-xanthene-1,9(2H)-dione (5, Figure 1 ) has been described. 9 2-Styrylchromones are also a scarce group of naturally occurring compounds, only three derivatives have been isolated [hormothamnione (6a) and desmethoxyhormothamnione (6b), from the marine blue green alga Chrysophaeum taylori, 10 and (E)-5-hydroxy-2-styrylchromone (6c), from the rhizomes of Imperata cylindrical (Figure 1) ]. 11 Even so, 2-styrylchromone derivatives are associated with important biological properties, such as antinorovirus, 12 anti-inflammatory, 13 and antioxidant 14 activities.
Following our interest in the synthesis of biologically active compounds, especially polyhydroxy-2-styrylchromones, a program aimed at the synthesis of (E,E)-3-cinnamoyl-5-hydroxy-2-styrylchromones 8 was initiated (Scheme 1).
Figure 1 Naturally occurring xanthenediones and (E)-2-styrylchromones
Knowing the importance of the catechol moiety to improve the antioxidant activity of 2-styrylchromones, 15 it was decided to synthesize (E,E)-3-(3,4-dihydroxycinnamoyl)-5-hydroxy-2-(3,4-dihydroxystyryl)chromone. In order to achieve this we firstly obtained the corresponding methoxy derivative 8g. Its synthesis could be accomplished in a two-step approach as previously reported 16 or This is a copy of the author's personal reprint l in one-pot sequence as recently described. 17 Our choice, due to the less expensive reagents and shorter reaction time, was the two-step approach (bisesterification of the appropriate 2¢-hydroxyacetophenone with cinnamoyl chloride derivatives followed by the Baker-Venkataraman rearrangement of the formed diester), 16 in combination with a great improvement achieved by using microwave irradiation. 18 This methodology was successfully employed for the rearrangement of (E,E)-2-acetyl-1,3-phenylene bis(3-phenylacrylate) (7g) leading to (E,E)-3-cinnamoyl-5-hydroxy-2-styrylchromone (8g) in good yield (86%, Scheme 1). 19, 20 Next, cleavage of the methoxy group with boron tribromide was attempted, but mixtures of compounds bearing methoxy and hydroxy groups were obtained. Therefore, we decided to extend the reaction time and after 22 hours, cleavage of the methoxy group was complete and a pure yellow solid was obtained. NMR analysis indicated that the expected demethylation occurred but the compound obtained was (E)-4-(3,4-dihydroxy-benzylidene)-8-hydroxy-3-(3,4-dihydroxyphenyl)-3,4-dihydro-1H-xanthene-1,9(2H)-dione (9g, 81%). This result means that there was the expected deprotection together with an unprecedented cyclization of (E,E)-3-(3,4-dimethoxycinnamoyl)-5-hydroxy-2-(3,4-dimethoxystyryl)chromone (8g, Scheme 1). 21 This surprising result and the reported important biological applications for similar derivatives prompted us to study this synthetic methodology. We herein report an efficient and concise synthetic route for (E)-3-aryl-4-benzylidene-8-hydroxy-3,4-dihydro-1H-xanthene-1,9(2H)-diones 9a-g (Scheme 1).
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The use of (E,E)-3-cinnamoyl-5-hydroxy-2-styrylchromones 8a-g as starting materials is very attractive due to the fact that their reactivity has never been reported and we could also study the scope of the Baker-Venkataraman rearrangement of (E,E)-2-acetyl-1,3-phenylene bis(3-phenylacrylates) 7a-g under microwave irradiation. 19 This strategy proved to be excellent since almost all compounds were obtained in very good yields (over 80%) and in less than 20 minutes reaction time. Furthermore, purification procedures were needed only for derivatives 8d and 8f, which were obtained in good yields (over 60%). These results, together with the fact that all attempts to obtain nitro derivatives failed, indicate that withdrawing groups do not favor the Baker-Venkataraman rearrangement.
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The next step in our strategy was the cyclization of (E,E)-3-cinnamoyl-5-hydroxy-2-styrylchromones 8 with boron tribromide as Lewis acid catalyst. After three hours at room temperature the starting material 8a was completely consumed, and (E)-4-benzylidene-8-hydroxy-3-phenyl-3,4-dihydro-1H-xanthene-1,9(2H)-dione (9a) was obtained in good yield (66%). The scope of this reaction was investigated and it was demonstrated that, in the case of 8d and 8f, eight hours were needed to complete the reaction and in the case of 8c and 8e one-pot cyclization and demethylation occurred furnishing hydroxy derivatives 9c and 9e in moderate yields (over 40%).
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The described cyclization reaction presumably proceeds by the activation of (E,E)-3-cinnamoyl-5-hydroxy-2-styrylchromones 8a-g through a chelation with BBr 3 (intermediate A), which promotes the subsequent cyclization and deprotonation reactions (intermediate B and C). Finally, the treatment with water performs the cleavage of the oxygen-boron bond to give the desired compounds (Scheme 2).
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The stereochemical assignment of compounds 9a-g was based on the analysis of 1 H-1 H coupling constants and of the NOESY spectra (Figure 2 ). Taking into account that there are no NOE between the benzylidene proton with those of the 3-phenyl ring or with H-3, but there is a small NOE between H-5 and the benzylidene proton and between H-3 and the aromatic protons of the benzylidene group, we conclude that the benzylidene double bond of compounds 9a-g has the E-configuration.
In summary, we have established a successful methodology to perform the Baker-Venkataraman rearrangement of (E,E)-2-acetyl-1,3-phenylene bis(3-phenylacrylates) into the corresponding (E,E)-3-cinnamoyl-5-hydroxy-2-styrylchromones. The beneficial effect of using micro- wave irradiation was the shortening of the reaction time from 1 hour to 17 minutes. We have also developed a novel efficient synthesis of (E)-3-aryl-4-benzylidene-8-hydroxy-3,4-dihydro-1H-xanthene-1,9(2H)-diones. Good yields of the novel products and experimental simplicity are the main advantages of this method. (19) Optimized Experimental Procedure A two-necked flask equipped with a magnetic stirring bar, fibre-optic temperature control, and reflux condenser was charged with a mixture of the appropriate (E,E)-2-acetyl-1,3-phenylene bis(3-phenylacrylate) 7a-g (1 mmol) and anhyd K 2 CO 3 (28 mg, 2 mmol) in anhyd pyridine (10 mL) and was then irradiated in an Ethos SYNTH microwave (Milestone Inc.) at constant power of 400 W for 17 min. After this period the reaction mixture was poured onto a mixture of ice (10 g) and H 2 O (20 mL), and the pH was adjusted to 2 with dilute HCl. The so-formed solids (E,E)-3-cinnamoyl-5-hydroxy-2-styrylchromones 8a-g were filtered off. In the case of compounds 8d and 8f a column chromatography purification, using CH 2 Cl 2 as eluent, was necessary; 8a, 378 mg, 96%; 8b, 409 mg, 97%; 8c, 445 mg, 98%; 8d, 301 mg, 65%; 8e, 422 mg, 93%; 8f, 287 mg, 62%; 8g, 443 mg, 86%. 
